Introduction
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2 Dept. of Anita. Sci. Received April 12, 1983 . Accepted May 21, 1984 . 1960 Tervit et al., 1977; Knight et al., 1978) and goats (Shelton, 1960) . Similarly, the presence of boars reduces the postpartum period in lactating sows (Rowlinson and Bryant, 1974) as well as age at puberty in gilts (Brooks and Cole, 1970; Bourn, 1975; Kinsey, 1977; Kirkwood et al., 1981) .
In contrast, heifers exposed to bulls reached puberty no earlier than did those not exposed to bulls (Berardinelli et al., 1978; MacMillan et al., 1979) . While these studies did not indicate that a "male effect" existed in cattle, several reports have shown a consistently higher percentage of dairy cows, exposed to vasectomized bulls, detected in estrus compared with cows not exposed to bulls (Sipilov, 1966; Ebert et al., 1972; Foote, 1974) . MacMillan et al. (1979) reported an increase in detected estrus in postpartum, spring-calving cows exposed to vasectomized bulls.
Conflicting evidence regarding the "male effect" in cattle has been reported. The discrepancy in results indicates our limited knowledge regarding the "male effect" in cattle. Therefore, the purpose of the present study was to determine whether exposure of cows to mature bulls during the postpartum period influences the duration of the interval from parturition to resumption of estrous cycles.
Materials and Methods
Straightbred Hereford (n=21) and Hereford x Angus (n=63) lactating cows were assigned randomly by breed and calving date to one of two treatments in the spring of 1981. The experiment was repeated with the same group of Hereford (n=11) Blood samples were collected by jugular venipuncture at weekly intervals from the time of calving until 85 d postpartum. Serum progesterone concentrations were determined using the radioimmunoassay validated by Anthony et al. (1981) . Resumption of estrous cycles of normal length was determined based on either of the two following criteria: progesterone concentrations of above 1 ng/ml for two consecutive weeks or progesterone concentrations >/2 ng/ml in a single weekly sample. The first criterion for onset of estrous cycles was applicable for 90% of the cows in 1981 and 87% in 1982. In approximately 20% of the cows a progesterone concentration of 1 to 2 ng/ml serum was followed the subsequent week by a concentration of less than 1 ng/ml. This low concentration of progesterone in a single weekly sample was considered not to be indicative of the onset of normal length estrous cycles. The second criterion used to determine onset of estrous cycles was applicable for 10% of the cows in 1981 and 13% in 1982. The assay system used in this study does not normally detect serum progesterone concentrations of below 1 ng/ml during the first 5 d or after d 18 of the bovine estrous cycle (K. Imakawa, unpublished data). Therefore, it is possible that with the collection interval utilized, a single blood sample with detectable levels of progesterone is all that would be collected during the luteal phase of some cows having estrous cycles of normal length.
Records of calving dates were used for BE cows to estimate conception rate at the first postpartum estrus. Conception was considered to have occurred at the estrus associated with the first cycle after parturition if cows calved within 283 d of the date of initiation of the first postpartum estrous cycle as indicated by progesterone concentrations. Similar estimates were not made for NE cows because cows cycling before 53 d postpartum were not mated; making comparisons across groups invalid.
The number of days from calving to initiation of estrous cycles was calculated for individual cows. Analysis of variance was performed using the general linear models procedure of the Statistical Analysis System (SAS, 1979) . Treatment, year and breed were the main effects tested in the model.
Results
Initiation of estrous cycles occurred at 43 +-2 d in BE cows as compared with 63 + 2 d in NE cows in 1981 (P<.001; table 1). In 1982, the mean date when estrous cycles were first detected in BE cows was 39 + 2 d postpartum as compared with 61 + 3 d in NE cows (P<.O01). The 2-yr average for days from parturition to initiation of estrous cycles was 41 + 1.06 for BE cows as compared with 62 + 1.06 for NE cows. Therefore, BE cows initiated cycles 21 d earlier than NE cows. At 53 d postpartum or at the time when NE cows were exposed to bulls, 86% of the BE cows had initiated estrous cycles compared with only 23% of the NE cows. The proportion of animals with increased progesterone concentrations during the 83 d postpartum interval is depicted in figure 1 . The number of cows exhibiting estrous cycles prior to 53 d postpartum for both groups in each of the 2 yr the study was conducted is shown in figure 2 . In 1981 89% (40/45) and 18% (7/39) cows were estruaI in the BE and NE groups, respectively, while in 1982 83% (28/35) of the BE and 28% (10/36) of the NE cows were determined to be estrual prior to 53 d postpartum. Conception at the first postpartum estrus in BE cows was 55.5% in 1981 and 45.7% in 1982. There was no breed or year effect on the interval from parturition to the time when increased progesterone was detected in the present study.
Discussion
The role of male-female interactions in the overall reproductive scheme of farm animals has received little attention. Nevertheless, the importance of such interactions has already been demonstrated by findings that the presence of a male can advance age at puberty in gilts (Brooks and Cole, 1970; Bourn, 1975; Kinsey, 1977; Kirkwood et al., 1981) and the onset of estrous cycles in seasonal breeding ewes (Schinckel, 1954; Watson and Radford, 1960; Tervit et al., 1977; Knight et al., 1978) . Two previous studies in cattle failed to provide any evidence for a beneficial effect of bulls on onset of puberty in heifers (Berardinelli et al., 1978; MacMillan et al., 1979) . In the present study, however, the presence of bulls shortened the interval from parturition to initiation of estrous cycles in mature cows. The pattern for the onset of estrous cycles during the 83 d postpartum period is shown in figure 1 . It is evident that the effect of exposure to the bull in reducing th~ postpartum period occurred prior to 53 d postpartum. The percentage of cows determined to be estrual prior to 53 d postpartum in each of the two treatment groups is shown in figure 2 for the two respective years. More cows in the BE group were estrual prior to 53 d postpartum. Data obtained after 53 d postpartum for the NE cows may be confounded by factors such as transport to the pasture containing the BE cows or placement of NE cows with a group of cows in which a large percentage were estrual (Bourn, 1975; Zim- , 1976; Weston and Ulberg, 1976; Izard and Vandenbergh, 1982a) . The reason that NE cows were placed with the bulls at 5 3 d postpartum was to maintain cows on a yearly calving cycle as would occur under ordinary management practices. Because no transporting or relocation of BE cows to a new environment occurred at 53 d postpartum, the data may be confounded after this time. Management of both treatment groups prior to 53 d postpartum was identical with the exception of the presence or absence of the mature bull in the BE and NE groups, respectively.
The criteria to determine the onset of estrous cycles were utilized to eliminate short luteal phases (2 to 4 d) that occur prior to the onset of normal length cycles during the postpartum period (Humphrey et al., 1983) . In the present study, progesterone concentrations between 1 and 2 ng/ml followed the next week by concentrations of < 1 ng/ml were considered indicative of these short luteal phases. Conception data indicates that not only were cows induced to initiate estrous cycles by the presence of a bull but that a significant number of cows conceived at the estrus associated with the first postpartum estrous cycle. The fact that conception did occur in approximately 50% of the cows at the estrus associated with the first postpartum estrous cycle is significant in that this indicates that our criteria for evaluating onset of estrous cycles were accurate. Conception was lower at the early postpartum estrus than would be normally expected. Decreased conception rates at early postpartum estrous periods have been reported in previous research in which initiation of early postpartum estrous cycles was induced by once daily suckling (Reeves and Gaskins, 1981) . It is concluded that bull-cow interactions do influence reproductive activity in the cow, at least under certain conditions.
The exact nature of the cues transmitted from the bull and perceived by the cow during bull-cow interactions is not known. Exteroceptive cues that likely play a role in malefemale interactions include olfactory, visual and auditory stimuli. Pheromones are airborne chemical substances ("signals") released in the urine or feces of animals or secreted from cutaneous glands, that are perceived by the olfactory system and that elicit both behavioral and endocrine responses in conspecifics (Dory, 1976) . Extensive studies in mice have established the importance of pheromones in the strong influence exerted by the male on reproductive activity in the female (Bronson, 1968; Bronson and Whitten, 1968) . Similarly, pheromones seem to be involved in the boar-effect and ram-effect (Aron, 1979) . Evidence that olfactory cues are also operative in cattle was originally provided by Hart et al. (1946) . These researchers found that bulls were stimulated to mount anestrous cows whose vulvae had been smeared with vaginal mucus from estrous cows. More recently, it was shown that puberty occurred earlier in heifers exposed to urine from mature bulls (Izard and Vandenbergh, 1982b) . Therefore, the bull-effect observed in the present study may have occurred through olfactory cues (pheromones) transmitted from the bull to the cow. Further studies are required to determine the relative contribution of visual, auditory, olfactory and tactile stimuli in the bull-effect.
Literature Cited
